The aim of this study was to investigate the function of tree belts in reducing the aeolian transport of dust particles carrying pesticides. The study examined the importance of the buffer zones created by commonly planted trees (Eucalyptus camaldulensis, Pinus halepensis (pine) and Ceratonia siliqua (carob)). The methods include analyzing the quantity and the chemical composition of pesticides carried by aeolian dust particles from the intensively cultivated fields and orchards, where pesticides were applied, towards the tree belts nearby. Eighteen different chemicals used as insecticides, fungicides and herbicides, were found both in the agricultural fields and in the adjacent tree belts, suggesting an important function of the trees. This ecological service has rarely been taken into consideration by management policies of tree plantings in farmland areas. To integrate this service into agriculture, especially in the case of agricultural fields and orchards, which are adjacent to populated areas, planting tree belts should be positively considered as a means for reducing aeolian dust and air pollution, mainly in order to reduce leakage of pesticides, which are a cause for significant health concerns.
Introduction
The various activities conducted in intensive agriculture result in increased use of pesticides. These chemicals are used in the field to reduce crop damage by agricultural pests such as insects, weeds, fungi and rodents. The growing use of pesticides has produced great benefits of increased food production and achievement of food security for the world growing population (http://www.fao. org/state-of-food-security-nutrition). It is estimated that 2.5-3.5 million tons of pesticides are applied annually to agricultural crops around the world [1, 2] . The increased use of pesticides is associated with increased environmental exposure risks.
Pesticides have become a source of soil, aerial and water pollutants. Concerns regarding their effects on the environment and on human health began to rise in the early 1960s [3] . Essential information about the environmental consequences of prolonged exposure to these materials, not only in humans but also in adjacent natural ecosystems [2] , is still lacking. However, there is a consensus that the damage caused by pesticide exposure depends on the rate and the level of exposure and on the toxic properties of the substance [4, 5] .
As a result of these detrimental effects, and thanks to improving technologies, regulation and monitoring of pesticide residues in imported agricultural products has increased, mainly in the EU [6] , Leonard [16] reported that pesticides are associated with soil particles while others [31] reported that trees lower wind speed and may affect aeolian particle accumulation. A recent study has showed that airborne particle absorption by semi-arid forests reduces particulate matter (PM) pollution in nearby urban environments during dust storms [32, 33] . These findings led us to suggest that using trees as windbreaks may not only reduce wind speed and filter out aeolian dust particles, but moreover and consequently, reduce pesticide dispersal. Apparently, the notion of reducing pesticides carried by aeolian dust particles is absent from the literature and there are no standardized methodologies currently available for evaluation. Thus, the purpose of this study was to examine the ecological services of tree belts for air quality by decreasing atmospheric pesticide dispersal. Our hypothesis was that the use of tree belts as windbreaks will reduce suspended dust particles carrying pesticides from agricultural fields and plantations, which will accumulate both on the trees and on the ground below to reduce pesticide leakage from agricultural areas to nearby natural and inhabited areas.
Materials and Methods

Study Area
Four study sites were selected in the northern Negev desert edge: Asaf, Dorot, Shmarya and Lachish, all near agriculture and intensive field crops or plantations ( Figure 1 , Table 1 ). In this area the average annual precipitation is 300-450 mm mainly between November and March. The minimum temperature is 6-8 • C in the winter (January-February) and 32-34 • C in the summer (July-August). The study sites were chosen according to the prevailing western winds ( Figure 1 ). As such, the cultivated field is exposed to the wind and the tree belt is nearby. The windbreaks were located around a variety of field crops and plantations, including: potato, carrot, peanuts, wheat and barley, vineyards, orchards and almonds (Table 1) . nearby urban environments during dust storms [32, 33] . These findings led us to suggest that using trees as windbreaks may not only reduce wind speed and filter out aeolian dust particles, but moreover and consequently, reduce pesticide dispersal. Apparently, the notion of reducing pesticides carried by aeolian dust particles is absent from the literature and there are no standardized methodologies currently available for evaluation. Thus, the purpose of this study was to examine the ecological services of tree belts for air quality by decreasing atmospheric pesticide dispersal. Our hypothesis was that the use of tree belts as windbreaks will reduce suspended dust particles carrying pesticides from agricultural fields and plantations, which will accumulate both on the trees and on the ground below to reduce pesticide leakage from agricultural areas to nearby natural and inhabited areas.
Materials and Methods
Study Area
Four study sites were selected in the northern Negev desert edge: Asaf, Dorot, Shmarya and Lachish, all near agriculture and intensive field crops or plantations ( Figure 1 , Table 1 ). In this area the average annual precipitation is 300-450 mm mainly between November and March. The minimum temperature is 6-8 °C in the winter (January-February) and 32-34 °C in the summer (JulyAugust). The study sites were chosen according to the prevailing western winds ( Figure 1 ). As such, the cultivated field is exposed to the wind and the tree belt is nearby. The windbreaks were located around a variety of field crops and plantations, including: potato, carrot, peanuts, wheat and barley, vineyards, orchards and almonds (Table 1 ). 
Data Collection
The study was conducted during 2013-2015. As a first step, the seasonal dependence of the wind direction was examined (Israel Meteorological Service data) [34] . In most of the seasons the dominant winds in the region are in the western sector (from northwest to southwest) (Appendix A, Figure A1 ). During the first two years, tree belts of Eucalyptus camaldulensis were examined at Shmarya, Asaf and Dorot; in the third year Pinus halepensis (pine) and Ceratonia siliqua (carob) tree belts were examined at Asaf and Lachish (see Table 1 for tree dimensions). Samples were collected monthly (for 36 months), throughout the study period and seasonal dependence was examined at each site, with respect to periods of agricultural activity (plowing, sowing, harvesting treatments in the growing stages, vintage).
Dust accumulation was measured using passive aeolian dust collectors that consist of a plastic pan (47 × 31 × 10 cm) [35, 36] with two layers of spherical glass marbles (17 mm diameter). These collectors were set in parallel to the wind direction with a distance of 1-2 m between collectors at three locations (5 replicates in each); beneath the first tree line (hereafter location 1), beneath the fifth line of trees at the edge of the field (hereafter location 2), and in the center of the cultivated field ( Figure 1 ). The collectors protruded 5 cm above the soil surface to avoid dust input directly by the soil around the collector. Dust particles accumulating in the collectors were removed from the collectors on a monthly basis by brushing the marbles and the pans. The accumulated dust was weighed, and the samples were analyzed for pesticides. The collected dust samples were analyzed for granulometry, chemistry, qualitative and quantitative pesticides, according to distances from the fields of intensive farming.
Aeolian Particle Analysis
Particle size distribution (PSD) was analyzed by the laser diffractometer technique (ANALYSETTE 22 MicroTec Plus, FRITSCH, Idar-Oberstein, Germany) which measures particles in the size range of 0.08-2000 mm. The preparation of each sample included splitting samples by a mechanical device and removal of distinct organic matter. Samples were dispersed in a sodium hexametaphosphate solution (0.5%) by sonication (38 kHz). Particle size distribution data were calculated using the Fraunhofer model and MaS control software (FRITSCH GmbH, Idar-Oberstein, Germany, version 1.8) [37] . The laboratory of Katif Research Center, Sdot-Negev, for the identification and extraction of pesticides in which we performed the dust analysis for the extraction of pesticides is approved by the Israeli Authority of Laboratory Accreditation and by the relevant European Community Authorities for analysis of agricultural chemical residues according to European standard ISO/IEC 17025. The identification and quantification of pesticides in the dust were carried out by gas chromatography-mass spectrometry (GC-MS) (Agilent 5975, Agilent Technologies, Inc., Santa Clara, CA, USA), and Liquid chromatography-mass spectrometry (LC-MS) (Micromass Quarto-Ultima, Almere, The Netherlands). These devices are able to detect the presence of many different pesticides licensed in Israel, with an accuracy of up to 1 ppb. The LC-MS/MS analysis was performed according to Martel and Lair [38] , after extraction with acetonitrile and hexane at a ratio of 1:1. The GC-MS analysis was performed according to the conventional method for assessing residual pesticides by multiple reaction monitoring [39] . Standard organophosphate (OP) solutions was prepared at 1 mg/mL of each relevant analyte in acetone using neat materials (>98% purity) [40] . Further dilutions were made in hexane to prepare OP calibrant solutions. One ng/mL of tributylphosphate was used as an internal standard for gas chromatography in all samples. Identification and quantification of the target OP were done by GC/mass selective detection (MSD) in selected ion monitoring mode using an Agilant GC 6890 series (Agilent Technologies, Inc. Wilmington, DE, USA), equipped with a 5973 mass selective detector and a 30 m by 0.25 mm id. J&W capillary column (Agilent Technologies, Inc.) with a 0.25 µm df bonded phase. In addition, dust samples were tested for their morphology using a scanning electron microscope with energy dispersive spectroscopy (SEM-EDS, Quanta 200, FEI, ThermoFisher Scientific, Hillsboro, OR, USA).
To study the possibility that dust-carried pesticides are washed by rainfall from the tree leaves to the ground below, 100 g soil in two locations at Lachish-beneath the tree belt of C. siliqua (carob)-were analyzed for the presence of pesticides in four horizons: A, the top layer of organic material; B, a delicate layer of organic material on the soil surface; C, the topsoil, 0-1 cm depth; D, the bottom ground layer, 2-3 cm depth.
Statistics
Correlation was conducted between the amount of pesticide per month and the amount of dust per month. The amount of accumulated aeolian dust particles was compared between the four study sites in the northern Negev. The samples were collected monthly, for 36 months. Each site had 3 locations; center of cultivated field; beneath the first row of the tree belt; and beneath the fifth row of the tree belt. In each location five collectors were placed. The dust accumulating in the collectors was analyzed seasonally for each location within each site, (N = 15), and between sites, using; ANOVA and Tukey HSD post hoc tests (for all tests p < 0.05) in JMP®(version 13, SAS, Cary, NC, USA) (https://www.jmp.com).
Results
The average monthly amount of dust collected decreased in the order Shmarya (22.06 g m −2 ) > Asaf (15.94 g m −2 ) > Dorot (4.90 g m −2 ) (Figure 2 ). No significant statistical differences were found between the location of the aeolian dust collectors (the center of the field, beneath the first row of trees, and beneath the fifth row of trees) (data not shown). At Shmarya, the highest amount was found in the summer and the lowest amount in the winter. At Asaf, the highest amount was found in the winter, although it was not significantly different from the amounts found in the other seasons. The lowest amount of aeolian dust was obtained at Dorot (Figure 2) . No significant differences were found in particle size distribution of the samples from the four study sites, Asaf, Shmarya, Dorot, and Lachish ( Table 2 ). The maximum particle size was 100 µm, with PM1 (less than 1 µm in diameter) = 4.9%, PM2.5 = 13.17%, PM10 = 32.03% and PM20 = 49.0% (Table 2 ) (Appendix A, Figure A2 ). Eighteen pesticides were found in agricultural field crops and plantations and in the adjacent planted tree belts during the three years of the study, including; herbicides (against broad-leaved plants and cereals) insecticides and fungicides (for control of mildew and mold) ( Table 3 ). The pesticides were from various groups; organophosphate, organochlorine, substituted urea, carbamate, Pyrimidine, strobin, pyrethroid, phenoxy, triazolinone, phenylaniline, thiophtalimide, benzoylurea, diphenyl ether and azole. Eighteen pesticides were found in agricultural field crops and plantations and in the adjacent planted tree belts during the three years of the study, including; herbicides (against broad-leaved plants and cereals) insecticides and fungicides (for control of mildew and mold) ( Table 3 ). The pesticides were from various groups; organophosphate, organochlorine, substituted urea, carbamate, Pyrimidine, strobin, pyrethroid, phenoxy, triazolinone, phenylaniline, thiophtalimide, benzoylurea, diphenyl ether and azole. Not all the aeolian dust samples were found to contained pesticides (Tables A1 and A2 ). Furthermore, in a few cases different types of pesticides were found in the same collector at the same time. A low correlation (r 2 = 0.2246, p < 0.05) was found between the amount of pesticide per month (µg m −2 ) and the amount of dust per month (g m −2 ) (Appendix A, Figure A3 ). Table 4 shows the types of pesticides that were found in Lachish site (December 2014 and August 2015) in the field and beneath C. siliqua and P. halepensis. Bifentherin, oxyfluorfen and trifloxystrobi were found in the field during the winter, spring and summer seasons, while in summer season bifentherin and diphenylamine were found beneath the first tree belt of C. siliqua. The highest amount of pesticide found was of oxyfluorfen (240.93 µg m 2 ), used as ageneral herbicide for orchards, flowers and field crops. Analysis of the soil samples of four horizons beneath the tree belts at Lachish showed that no pesticides were found beneath the pines. Nevertheless, the presence of pesticides beneath the C. siliqua tree belts revealed that pesticides do accumulate in the soil beneath the trees (Table 4 ). The highest concentration per month was of bifenthrin (29.8-255.1 µg kg soil −1 ) in horizons B, C and D beneath the tree belt, and pyrimethanil (240.13 µg kg soil −1 ) in horizon D in the agricultural field. diphenylamine and diflufenican were detected beneath the tree belt in Horizons A and B, respectively (Table 5 ). 
Discussion
The results allow estimation of aeolian dust deposition at the field scale in the northern Negev region, originating in agricultural activity and regional dust storms. They also provide evidence of the role of aeolian dust particles in atmospheric transport of pesticides and the associated importance of planting tree belts. The aeolian dust amounts, characteristic of agricultural activity, are significantly higher than the amounts that occur in natural dust storms, particularly in arid regions [36] (Figure 2) . The summer months (June, July, and August) are characterized by low agricultural activity (except for the late harvest). The next two months, September and October, when the fields undergo preparatory processing for the rainy winter season, are expected to have an increase in dust amount. However, no clear pattern in the quantities of dust between seasons was found. Even though dust emission in the agricultural field can be vary between seasons due to wind speeds and/or soil conditions, the filtering capacity of the tree belts is limited. A significant proportion of the aeolian dust is of a particle size that allows long-distance travel through the atmosphere under all conditions of (northwestern) winds of the northern Negev (Appendix A, Figure A1 ). Larger soil particles or aggregates move close to the surface in the form of saltation and are mostly found in adjacent areas [41] . The aggregates formed by small dust particles may break down during their movement to release additional suspended PM into the atmosphere [42] .
Our study revealed that the planted tree belts are of great importance in reducing the quantities of aeolian dust particles and consequently in lowering the distribution of transported pesticides. In the first two years of the study, high amounts of pesticides originating from the agricultural fields were found beneath the first and even fifth rows of the tree (E. camaldulensis) belts during the winter and spring seasons.
Pesticides in the accumulated aeolian dust particles were found only during some seasons. In the autumn, pesticides were not found in the three sites, even when examined in consecutive years (Shmarya, Autumn 2013, and 2014) (Appendix A, Tables A1 and A2 ). It can be assumed that this season is usually used to prepare the lands for sowing and thus most of the crops in the agricultural areas are absent. During the winter, spring and summer seasons, the pesticides accompany crop growth and therefore they are detected in the dust. At Asaf, treatments in citrus fields and orchards were applied in the winter against insects and mites (such as diphenylamine, endosulfan) and against fungi (carfentrazone-ethyl and chlorothalonil). At Shmarya, the three insecticides and fungicide were also used in the citrus fields and plantations, in addition to herbicides (diuron, carfentrazone-ethyl). At Dorot, insecticides against mites (diazinon, chlorthal-dimethyl, endosulfan, novaluron, bifenthrin) are used in field crops and orchards as well as herbicides (diuron) (Appendix A, Tables A1 and A2 ).
In the third year of the study, the aeolian dust collectors were moved to new sampling locations at Asaf and Lachish. At Asaf, they were located within a wheat field and beneath tree belts of P. halepensis (pine). At Lachish they were located within a grape vineyard and in citrus and almond plantations and beneath C. siliqua (carob) tree belts. We wanted to determine whether the pines and the carob tree belts play a similar role to that of the eucalyptus tree belts. The results showed that the use of pesticides in almond groves and vineyards is more focused and seasonal. At Asaf, a correlation was found between pesticide types originating in the field and those beneath the tree belts (Appendix A, Table A1 ). However, pesticides found in the field did not always match those found beneath the tree belts (Appendix A, Tables A1 and A2 and Table 4 ). Diphenylamine, a fungicidal herbicide in orchards and citrus orchards, was found in the spring at Lachish in the collectors beneath the fifth row of C. siliqua trees. Its presence can be explained by local use or by transport from a distal source to the orchard plantations. During the summer at Lachish, C. siliqua played a role in filtering the insecticide bifenthrin, which is used as an insecticide in cotton, vegetables and flowers, and diphenylamine, which appears to be active in the nearby almond grove (Table 4) .
Tests for the presence of pesticides were conducted in the soil, both in the agricultural field and in sampling points 1 and 2 beneath the tree belts at Lachish. In the soil, pesticides are exposed to decomposition by a large variety of microorganisms and therefore were unlikely to be detected or found in low concentrations unless they were only recently applied [15, 43, 44] . It is interesting to note that while no traces of pesticides were found in the field and beneath the pine trees, herbicide residues were found near and beneath C. siliqua trees situated near the vineyards (Table 5) . Residues of diflufenican, diphenylamine, pyrimethanil and bifenthrin were found both in the field and beneath C. siliqua. The first was used as an herbicide applied in orchards and vineyards, the second and the third are fungicides to control fungi and molds and the fourth is used as an insecticide.
Conclusions
The present study highlights the importance of planting trees as green belts on the margins of agricultural fields in the northern and western Negev. This relates not only to the efficiency of preventing aeolian dust from agricultural activity, which is a significant source of air pollution during natural storms, but also to reducing the air leakage of pesticides to natural and populated areas. The types of trees common in planting in the northern Negev region are eucalyptus, pine and carob trees. Despite differences in the shape of the canopy and the age of the different types of planted trees, there was no significant difference in the size of the aeolian dust particles. All types of planted trees allow efficient reduction of suspended particles of long-distance travel (<20 µm in diameter), thus contributing to reduced air pollution. Eighteen various pesticides, insecticides, fungicides and herbicides were found in the present study, both in the fields and beneath the first and fifth rows of the tree belts. This indicates an important function of the trees, which has not been included so far in planting and afforestation policies. Seasonality is important because pesticide use usually corresponds to the agricultural activities typical of field crops, orchards and vineyards. Damage to natural systems adjacent to intensive agricultural field, may be temporary and/or cumulative and harms all stages of the food web. This study provides an opportunity for further research on topics such as atmospheric dispersion of dust from agricultural field sources into nearby environments and risks to human health from dust exposure.
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Appendix A
Supplementary materials for the types of pesticides found at the three research sites, the commonness of wind directions for the Northern Negev, the particle size distribution and the Correlation between the amount of pesticide per month and the amount of dust per month. 
